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ABSTRACT

Yellow (stripe) rust caused by Puccinia striiformis f. sp. tritici (Pst) is a major destructive fungal disease of
triticale, of increasing importance in recent years, in Romania and worldwide.

We tested twenty-three released triticale cultivars and breeding lines originated from the breeding program
of NARDI Fundulea and twenty-five new lines selected at ARDS Teleorman in locations with higher stripe rust
attack in 2023 and 2024, and observed significantly different disease scores, ranging from resistant to very
susceptible. In five yield trials performed in 2023 and 2024, stripe rust had significant impact on grain yield
explaining between 15 and 92% of the yield variation. In one trial, at TArgu Mures the disease occurred
unusually early and intense on young plants, and susceptible cultivars did not produce any yield. On average
over six trials (three locations x two years) the correlation between rust scores and grain yield was r=- 0.84***,
Best resistance to Puccinia striiformis was observed in cultivar Zaraza and in five of the new lines. Based on
genealogy, we could trace the resistance sources, to the Polish semidwarf cultivar Magnat and to introgressions
from Triticum aestivum cultivars which were used as parents in crosses with triticale. The deployment of
disease-resistant host cultivars proved to be an efficient, economically, and environmentally sound approach to
control yellow rust.

We observed large yield differences between cultivars scored similarly for rust attack, suggesting differences
in partial resistance and/or tolerance to the disease. Their exploitation can be, along with exploiting available
sources of strong resistance genes, an additional breeding objective for reducing rust induced yield losses.

The impact of stripe rust on yield was associated with lower temperatures and higher rainfall in April,
which explained more than one third of the variation in coefficients of correlation between stripe rust and yield.
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INTRODUCTION etc.). Triticale constitutes a valuable genetic
resource for transferring genes of interest

Triticale (XTriticosecale Wittmack), a from rye into wheat, particularly those related

synthetic intergeneric hybrid between
wheat (Triticum sp.) and rye (Secale sp.) has
gained considerable importance in the past
decades. It combines desirable traits of both
parents (Salmanovicz et al., 2013), the high
yield potential and high grain protein content
of wheat with the disease resistance and
environmental tolerance of rye to abiotic
stress conditions such as aluminum toxicity,
drought, salinity, acidic or waterlogged soils
(Kuleung et al., 2004). Triticale is especially
used for food or forage but holds potential for
human nutrition and industrial use (e.g., fuel
production, bio composite materials, alcohol
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to biotic and abiotic stresses (Arseniuk, 1996;
Vaillancourt et al., 2007; Saulescu et al.,
2011; Kumar et al., 2014).

Triticale was long considered very
resistant to rusts (Schevchenko and
Karpachev, 1985) but later, several rust
epidemics caused by Puccinia species have
been reported in triticale (Bekele et al., 1985;
Haesert et al., 1987; Wilson and Shaner,
1989; lliev et al., 1990; Zwer et al., 1992;
Zamorski, 1994; Schinkel, 2002; Sodekiewicz
and Strzembicka, 2004; Mergoum et al.,
2009; Mikhailova et al., 2009). Among these,
yellow (stripe) rust (Puccinia striiformis,
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Pst), emerged in the past decades as a real
economic threat in triticale (Wiese, 1987;
Singh and Saari, 1991; Guedes-Pinto et al.,
1996).

A race of Pst more aggressive on triticale,
described as part of Pst S13 group, first
discovered in Europe in 2006 on the island of
Bornholm, has become common in widely
grown triticale varieties, first in Germany and
Scandinavia (Hovmgller et al.,, 2016;
Zupunski et al., 2023). Although the race
belongs to P. striiformis sp. tritici, it has
never been found on winter wheat varieties in
Europe. This aggressive triticale race led to
yield losses of up to 100% in Scandinavia,
where controlling triticale epidemics in
organic production has proven challenging. It
is worth noting that Pst races Warrior and
Kranich, which caused significant wheat
yield losses in Europe since 2011, were also
detected on triticale. During the 2022/2023
growing season, yellow rust was recorded on
triticale in Serbia for the first time at Rimski
Sancevi in Vojvodina, a North Province of
Serbia (Jevti¢ et al., 2023).

In Romania, Pst, which is generally more
adapted to the humid and cooler
environments (3°C - 15°C), occured rather
sporadicaly in the past (Ittu et al., 1989) and
was rarely seen on triticale. However, a
91,7% attack of Pst on untreated plots of
triticale was registered in 2018 (Goga, 2019)
and attacks varying from 10 to 90% were
reported on triticale in Western Romania
(Cotuna et al., 2019, 2023). In 2023
symptoms of disease were observed on
triticale in 2023, even in the South of
Romania since March (Moica et al., 2023),
and heavy attacks were reported in triticale in
North-West and in Transylvania (Galit et al.,
2023). Results presented by Galit et al.
(2023) suggested that the stripe rust races
present in 2023 were better adapted to higher
temperatures.

MATERIAL AND METHODS

Triticale  released  cultivars  and
breeding lines originating from the
breeding program of NARDI Fundulea
were tested in 2022-2023 and 2023-2024

seasons in vyield trials with balanced
square lattice design with twenty-five
entries and three replications, on five or
ten m? harvestable plots without irrigation
and using the usual crop management. Out
of the eight locations which performed the
trials, in three locations stripe rust was
strong enough to have impact on grain
yield, as expressed by a correlation
between disease scores and yield r>0.3 in
at least one year. These locations included
ARDS Livada (47°52°N latitude - 23°08’E
longitude), RDSB Targu Mures (46°32°N
latitude - 24°33°E longitude) and ARDS
Teleorman (44°07°N latitude - 25°45°E
longitude). We included in the analysis
twenty-three cultivars which were tested
in both years.

In 2023-2024 at Targu Mures and
Teleorman preliminar yield trials with one
replicat ion, including new lines selected
at ARDS Teleorman were organized in the
same conditions.

Intensity of Puccinia striiformis was
visually scored in the field under natural
infection and uncontrolled conditions, on a
scale between 1-9, where 1 (resistant) and
9 (susceptible) (McNeal et al., 1971) and
grain yield was expressed as kg ha™ at 14%
moisture.

Data obtained in this study were
statistically analyzed by ANOVA. The
relation between attack of Pst and grain yield
was calculated for each of six trials (three
locations x two years) and between the scores
registered in each locations, based on
Pearson coefficients of correlations and
linear regressions.

Weather data from weather stations
nearest to the yield trials were collected and
analyzed. We present here only data on
average temperatures and rainfall during the
spring months, as most related to the
development of stripe rust epidemic. As seen
in Table 1, spring weather conditions showed
large variations, both between the three
locations (with Targu Mures being the
coolest and more humid and Teleorman
having higher temperatures and less rainfall)
and between years (2024 being warmer and
dryer).
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Table 1. Average temperatures and rainfall at three locations in 2023 and 2024

Specification Livada Targu Mures Teleorman

Month Decade T(eorgg) R?Lnr;all 'I'(irggJ Re;:]nn:all T(eorgg) Re;:]nr;all

| 54 4.0 7.2 9.0 6.1 6.0

March 1 59 14.2 7,2 12.5 6.4* 10.0

2023 1] 7,9 8.9 94 208.2 7.8 8.0

Mean/Sum 6,4 27.1 7,9 229.7 6,8 24.0

| 6,4 20.4 8,2 22.7 5.2 36.0

April 1 11,6 9.8 12,0 6.8 11.1 10.0

2023 1] 10,9 43.1 13,0* 29.5 11,0 9.0

Mean/Sum 9,6 73.3 11,1 64.0 91 55.0

| 14,4 6.3 14,3* 8.0 13,5 8.0

May 1 15,2 10.9 15,9 5.0 15.2 55

2023 1l 19,4 25 18,4* 15.5 18.4 40.5

Mean/Sum 16,3 19.7 16,2 28.5 15,7 54.0

| 9.2 9.8 8.98 15.0 7.0 3.0

March I 7.5 15.2 6.77 30.0 7.4 27.5

2024 i 11.2 15.0 111 5.0 11.3 19.0

Mean/Sum 9.3 40.0 9.0 50.0 8.6 49.5

| 14.8 9.0 14.6 3.0 15.7 2.0

April 1 12.5 16.5 13.6 31.0 16.1 13.0

2024 1l 12.1 16.1 12.1 32.0 13.4 19.0

Mean/Sum 13.1 41.0 13.4 66.0 15.1 34.0

| 17.3 8.4 16.1 22.0 15.7 12,5

May | 15.9 6.5 14.7 21.0 15.0 4.5

2024 i 19.1 15.3 17.7 18.0 19.0 15.0

Mean 17.4 30.2 16.1 61.0 16.6 32.0

Temperatures higher than optimum for pathogen development.

RESULTS AND DISCUSSION sources of variation for both stripe rust scores
and grain yield in the analyzed Triticale trials
Cultivars and environments were significant (Table 2).

Table 2. ANOVA for stripe rust score and grain yield in the six analyzed yield trials

Stripe rust score Grain yield

Source of df MS F MS F F crit

Cultivars 22 6.570 5.038 5386448 5.887 1.639

Environments 5 159.176 122.060 1.54E+08 168.078 2.296

G*E interaction 110 1.304 914853.8

We noticed that stripe rust scores from all in all locations where the attack was severe
trials, except those from Teleorman in 2024 was similar as was the virulence present in
where rust was practically absent, were both years, as cultivar classification remained
significantly correlated (Table 3). This mostly unchanged in all trials, except that at

suggest that the stripe rust virulence present Teleorman in 2024.
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Table 3. Correlation between stripe rust scores registered in the six analyzed trials

Livada 23 | Livada 24 | Targu Mures 23 | Targu Mures 24 | Teleorman 23 | Teleorman 24
Livada 23 1
Livada 24 0.52 1
Targu Mures 23 0.62 0.81 1
Targu Mures 24 0.47 0.52 0.55 1
Teleorman 23 0.58 0.49 0.51 0.62 1
Teleorman 24 0.37 0.24 0.32 0.29 -0.09 1

Figures 1 to 3 present the relationship
between stripe rust attack and grain yield in
the six trials, highlighting the differences
between tested cultivars and differences
between the results obtained in years 2023
and 2024.

At Targu Mures in 2023 the attack was
very strong, reducing the vyield of most
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susceptible cultivars to zero and causing the
highest correlation between stripe rust and
yield (r=-0.92***). In 2024, the stripe rust
attack was not so strong, but still caused a
very significant correlation (r=-0.86***)
between stripe rust scores and grain yield
(Figure 1). Cultivar Zaraza was the most
resistant and produced the highest yield.

2024
10000
y=-448.63x+9672
R?=0.7315
9000 ® zapsza r=-0.86"*"
. < T16026
= JiaRTly
= 2000 i_ $ O%14187
< ® _;?.C;"O co?c AL
o ASCENDENT 1dag1
= "T15183 ® Ti6381
- 7000 o
< @ TITAN-. T15038
z HAGRUDISE, ZVELT
E— 000 ’U # kcou
® oW 7oR
000 @ TULNIC
@ CASCADOR
4000
1 3 5 7 ] 11

Stripe rust score (1=best, -9=worse)

Figure 1. Relationship between stripe rust attack and grain yield at Targu Mures

At Livada, both in 2023 and 2024, stripe
rust attack was a little milder, but still
causing significant correlations of 0.65** and

0.70** with grain yield (Figure 2). Cultivar
Zaraza was again the most resistant and the
highest yielding of all tested cultivars.
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Figure 2. Relationship between stripe rust attack and grain yield at Livada

At Teleorman in 2023, stripe rust attack
was less evident, causing a correlation of
only r=-0.39 and explaining about 16% of
the total grain yield variation. In contrast, in
2024 stripe rust scores were not correlated
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with yield. Many cultivars were scored along
with Zaraza without stripe rust in the field,
and the line T14187 produced the highest
yield despite showing higher stripe rust attack
(Figure 3).

2024
7500
® T14187
7000
6500
® T15038
6000
® Ti6322
@ ZARAZA
5500 ODA @ CASCADOR
‘142253 [ASCENDENT @ T16401
5000 O T O
¢ ‘_‘lf:p:s : =T ® Tig3E1
4500 $ T ® CORDIAL
® NEGOIU
4000 ® HAIDUC
0,5 1,5 2,5 3,5

Stripe rust score (1=best, 9=worse)

Figure 3. Relationship between stripe rust attack and grain yield at Teleorman

On average over the six analyzed yield
trials (3 locations x 2 years), Zaraza was
significantly better than any other cultivars
both for stripe rust resistance and vyield
(Table 4). It also had the most stable
performance for both stripe rust md grain
yield, as estimated by the lowest variance
of the corresponding data.

The rest of studied cultivars could be
grouped into two groups, one with average
stripe rust scores lower than 5 and average
yields higher than 4200 kg/ha (which
included cultivars T16026, T16007, TF2,
Plai and T14225), which can be considered
as medium susceptible and the other with
average scores higher than 5, which can be



422

Number 42/2025

ROMANIAN AGRICULTURAL RESEARCH

considered as susceptible and included the
rest of studied cultivars. One can notice
that this later group includes most of the

released cultivars, except for two older
cultivars, TF2 and Plai.

Table 4. Stripe rust scores and grain yield of twenty-three triticale cultivars, averaged over six trials
(3 locations x 2 years)

The graphical representation of the
relationship between the average stripe rust
scores and grain yield illustrates the outstanding
performance of cultivar Zaraza and highlights
the close correlation (r=-0.84***) between
the level of stripe rust attack and yield in the
studied vyield trials (Figure 4). It also
illustrates the fact that there are large yield
differences between cultivars that have same
rust scores. The most obvious is the case of
cultivar T14187 which ranked second for
yield while scored with 6.2 for stripe rust and
yielded much more than expected based on

Stripe rust score Grain yield (kg/ha)

Cultivar Aviirigicraglt;ver Variance Cultivar ovlz\;/zirf(l%?gls Variance
Zaraza 25 2.7 Zaraza 7113 3323765
T16026 4.3 9.1 T14187 5046 8576397
T16007 4.5 7.1 Plai 4999 7664827
TF2 4.7 9.9 T16026 4797 8070712
Plai 4.8 7.8 TF2 4658 6577465
T14225 4.8 8.6 T16007 4409 8016503
T16322 5.0 8.0 T16322 4396 9331511
FDL Ascendent 5.3 8.3 T15038 4277 7327029
Titan 55 7.9 T14225 4245 8347209
T15183 55 75 FDL Cordial 3918 8998532
Stil 5.8 10.2 Utrifun 3898 5528266
Zvelt 5.8 94 FDL Ascendent 3745 9068583
FDL Cordial 6.0 8.0 Stil 3732 8889848
Zori 6.2 10.6 T15183 3595 7772520
T14187 6.2 6.2 Zori 3563 6235490
Haiduc 6.3 9.5 Titan 3480 7784520
Pisc 6.3 8.3 Pisc 3366 7248143
Utrifun 6.3 9.5 Zvelt 3283 8171507
T15038 6.5 6.7 Oda FD 3254 7044529
Negoiu 6.7 9.1 Tulnic 3032 7295462
Oda FD 6.7 9.1 Cascador 3023 7304757
Tulnic 6.7 7.1 Haiduc 2983 8355543
Cascador 7.2 7.8 Negoiu 2876 6961149
LSD 5% 1.36 LSD 5% 1138

the general regression of yield on rust scores.
Deviations from this regression can be
considered as estimations of partial resistance
or tolerance to stripe rust attacks, which
could be another valuable tool in controlling
rust damage, along with resistance.
Ashmawyet et al. (2024) showed that
cultivars classified as slow-rusting (partially
resistant) cultivars, having longer incubation
and latent periods, along with smaller stripe
lengths and lower infection frequencies, had
lower vyield losses and more durable
protection against stripe rust.
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Figure 4. Relationship between stripe rust attack and grain yield averaged on six yield trials

As seen from Table 5, which presents the
deviations from regression in the five trials
where regressions explained more than 15%
of the yield variation, we observed significant
differences among the studied cultivars.
Cultivars Zaraza and T14187 showed positive
average deviations from regression larger

than 1 ton/ha, and cultivars Plai and T15038
had deviations larger that 500 kg/ha.

In contrast, cultivars Tulnic, Haiduc,
Titan, Negoiu and Zvelt produced less than
expected based on the regression of yield on
stripe rust scores, by more than 500 kg/ha.

Table 5. Deviations from the regression of grain yield on stripe rust score (kg/ha)

Yield trial
Cultivar Livada Targu Mures Teleorman Livada Targu Mures Average
2023 2023 2023 2024 2024 (kg/ha)

Zaraza 3100 707 359 1034 362 1112
T14187 1921 130 607 1857 1024 1108
Plai 2024 84 -377 1413 553 739
T15038 575 121 614 974 591 575
TF2 2811 127 -760 453 -637 399
FDL Cordial 304 90 578 652 353 396
T16026 -155 -844 188 1668 612 294
Utrifun 443 125 -260 995 145 290
Stil 27 56 -412 1013 -40 129
T16322 740 -833 408 -309 -49 -9
Zori -1431 119 208 943 -260 -84
T14225 -483 -236 308 31 -228 -122
Pisc 517 126 -111 -1390 -553 -282
Oda FD -1282 111 -99 527 -701 -289
T16007 84 -914 386 -974 -372 -358
Cascador 761 103 101 -2088 -945 -414
FDL Ascendent -1404 50 204 -1077 -71 -460
T15183 -1373 86 -7167 -192 -241 -497
Tulnic -806 96 239 -1135 -932 -508
Haiduc -23 126 -348 -1800 -674 -544
Titan -1875 112 141 -848 -659 -626
Negoiu -1242 127 -788 -1741 482 -633
Zvelt -2766 108 -269 -928 378 -695

LSD 5% 248
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The major differences observed between
the analyzed yield trials in the impact of
stripe rust on Triticale yield can have
several explanations, such as inoculum
availability, plant nutrition etc., but first
are due to the weather conditions. Among

the weather conditions that we investigated,
average April temperature and rainfall and
their ratio explained more than one third
of the impact of stripe rust on yield, more
than any other analyzed weather parameter
(Table 6).

Table 6. Correlations between weather data and the impact of stripe rust on Triticale yield
(estimated by the correlation between stripe rust score and grain yield)

Month Average temperature Rainfall _ Ratio
(°C) (mm) Rainfall/Temperature

March 0.24 0.26 0.19

April 0.61 -0.76 -0.67

May 0.28 -0.25 0.27

The computed correlations indicate that
lower temperature and higher rainfall in April
increased the impact on stripe rust on
Triticale yields. If forecasts of future climate
changes seem to reduce on average the stripe
rust impact on yield, climate changes are also
associated with increased variability and that
could increase chances of severe stripe rust
attacks with important effects on yield.

In 2024 new triticale lines selected at
ARDS Teleorman were tested in preliminary
yield trials at Targu Mures and Teleorman.

At Targu Mures stripe rust was severe,
allowing a good differentiation of the lines,
with rust scores from 1 to 9 and
corresponding grain yield from 9000 kg/ha
to 5100 kg/ha. Correlation between stripe
rust scores and yield was 0.67** (Figure 5).
Selection performed at Teleorman in 2023,
even if stripe rust attack was only
moderate, allowed promoting lines, such as
TR24-17, TR24-10, TR24-4 and TR24-5,
with excellent resistance.
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® TR24-10
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Figure 5. Relationship of stripe rust scores and grain yield in preliminary yield trials with Triticale lines

selected at

ARDS Teleorman
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In contrast, at Teleorman stripe rust was
almost absent and comparing yields obtained
at Targu Mures and Teleorman allowed an

estimation of performance in the presence or
absence of this disease (Figure 6).
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Figure 6. Comparison between yields obtained in preliminary yield trails at Teleorman and Targu Mures
by new lines selected at ARDS Teleorman

One can easily observe from the figure
that lines such as TR24-17 and TR24-10
combine a reliable performance in the dry
and hot environment of Teleorman with
superior results in a cooler and more humid
environment which promoted stripe rust at
Targu Mures.

Based on genealogy we could trace the
resistance to stripe rust sources in the best
cultivars and lines to the Polish semidwarf
triticale cultivar Magnat and other triticale
lines from Danko (Banaszak, 2011), which
are present in the genealogy of Zaraza,
TR24-17, TR24-7, TR24-4 and possibly to
introgressions from common wheat (Triticum
aestivum) cultivars, used in crosses with
Triticale. Having in mind the fast evolution
of Puccinia striiformis virulence it is
imperative to consider further diversification
of resistance genes in the Romanian Triticale
breeding programs.

Data presented in this paper demonstrate
that stripe (yellow) rust (Puccinia striiformis)
can have disastrous effects in Triticale,
reducing vyields to zero in susceptible

cultivars and in environments that favor
the disease. Even under the highest attacks
resistant cultivars could prevent severe yield
losses.

Resistant entries were rare in the analyzed
trials, with only one resistant entry in the
National yield trial and more in the
preliminary trial, as a result of selection
performed at ARDS Teleorman in 2023.
Further breeding efforts are needed to
increase the share and diversity of Triticale
stripe rust resistant germplasm in Romania.

Analyzed Triticale cultivars showed major
differences in deviations from regression of
yield on stripe rust score, which can indicate
partial resistance, slow rusting, or tolerance
to the disease. Exploiting these differences in
breeding can provide an additional way of
protecting Triticale yields from vyield losses
caused by stripe rust.

CONCLUSIONS

Twenty-three triticale  cultivars and
twenty-five new lines tested in locations with
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high stripe rust attack in 2023 and 2024
showed significantly different disease scores,
ranging from resistant to very susceptible.
Best resistance to Puccinia striiformis was
observed in cultivar Zaraza and in five of the
new lines. In five yield trials performed in
2023 and 2024, stripe rust had significant
impact on grain yield explaining between 15
and 92% of the yield variation and in one
trial susceptible cultivars did not produce any
grains.

We observed large vyield differences
between cultivars scored similarly for rust
attack, suggesting differences in partial
resistance and/or tolerance to the disease.
These differences suggest that their
exploitation can be, along with exploiting
available sources of strong resistance genes,
an additional breeding objective for reducing
rust induced yield losses,.

The impact of stripe rust on yield was
associated with lower temperatures and
higher rainfall in April, which explained
more than one third of the variation in
coefficients of correlation between stripe rust
and yield.

REFERENCES

Arseniuk, E., 1996. Triticale diseases - a review.
Triticale: Today and Tomorrow Developments in
Plant Breeding, 5: 499-525.

Ashmawy, M.A., Draz, |.S., Saad-El-Din, H.l., Gad,
M.A., Esmail, S.M., 2024. Slow-rusting Resistance
to Stripe Rust Along with Grain Yield Losses in
Egyptian Bread Wheat Cultivars. Egyptian Journal
of Phytopathology, 52(2): 1-12.
D0i:2024.373302.EJP/10.21608

Banaszak, Z., 2011. Breeding of triticale in DANKO.
Tagung der Vereinigung der Pflanzenziichter und
Saatgutkau anzenzichter und Saatgutkaufl eute
Osterreichs 2010, eute Osterreichs 2010: 65-68.

Bekele, G.T., Skovrnand, B., Gilchrist, L.I., Warham,
E.J., 1985. Screening of triticale to certain
diseases occurring in Mexico. Genetics and
Breeding of Triticale, Eucarpia Meeting, Clermont
Ferrand (France), July 2-5, 1984: 559-564.

Cotuna, O., 2023. Atentionare! Rugina galbena face
ravagii la soiurile sensibile, iar riscul de
Fusarioza la cerealele padioase este crescut.
https://agrobiznes.ro.

Cotuna, O., Horablaga, M., Bostan, C., Sariteanu, V.,
Agapie, A.L., 2019. Response of some varieties
and genotypes of triticale (Triticosecale Wittm.) to
the attack of Puccinia striiformis West. fungus in

western Romania. Research Journal of Agricultural
Science, 51(2): 11-18.

Galit, I., Marinciu, C.M., Mandea, V., Serban, G.,
Lobontiu, I., Domokos, Z., Bunta, Gh., Banateanu,
C., Andras, B., Meluca, C., Voica, M., Gorinoiu,
G., Saulescu, N.N., 2023. Rugina galbena
(Puccinia striiformis f. sp. tritici) - o ameninfare
crescanda pentru culturile de grdau si triticale din
Roménia. An. INCDA Fundulea, XCI: 33-51.

Goga, N., 2019. Eficienta si rentabilitatea combaterii
chimice a complexului patogen la cultura de
triticale in conditiile anului 2018, in nord-vestul
Roméniei. An. INCDA Fundulea, LXXXVII: 219-
2217.

Guedes-Pinto, H., Darvey, N., Carnide, V.P., 1996.
Triticale: Today and Tomorrow. Kluwer Academic
Publishers: 499-525.

Haesert, G., Baets, de A., Daneels, A., 1987. Diseases
of triticale and their control. Med. Fac. Landbouw.
Rijksuniv. Gent, 52: 797-806.

Hovmgller, M.S., Walter, S., Bayles, R.A., Hubbard,
A., Flath, K., Sommerfeldt, N., Leconte, M.,
Rodriguez-Algaba, J., Hansen, J.G., Lassen, P.,
Justesen, A.F., Ali, S., de Vallavieille-Pope, C.,
2016. Replacement of the European wheat yellow
rust population by new races from the centre of
diversity in the near-Himalayan region. Plant
Pathology, 65(3): 402-411.

lliev V.L., Mikhova, S., Stoyanov, I., Tsvetkov, S.,
1990. A study on the resistance of new triticale
lines to rusts and powdery mildew. Plant Science,
XXVII/5: 36-42.

Ittu, M., Saulescu, N.N., Ittu, G., Moldovan, M., 1989.
New elements in the breeding strategy for disease
resistance in wheat. Probleme de genetica teoretica
si aplicata, XXI(3): 123-147. (In Romanian)

Jevti¢, R., Zupunski, V., Mirosavljevi¢, M., Miki¢, S.,
Herrmann, M., 2023. Outbreak of yellow rust on
triticale in Serbia. Abstracts of 1% International
CROPDIVA Symposium “Agrobiodiversity along
the value chain”, 4-6 December 2023, Ghent,
Belgium: 55-59.

Kuleung, C., Baenziger, P.S., Dweikat, 1., 2004.
Transferability of SSR markers among wheat, rye
and triticale. Theoretical and Applied Genetics,
108, 1147-1150.

Kumar, S., Mittal, R.K., Dhiman, R., Gupta, D., 2014.
Assessment of Triticale (Triticosecale) X Bread
Wheat (Triticum Aestivum) Genotypes for Drought
Tolerance Based on Morpho-Physiological, Grain
Yield and Drought Tolerance Indices Under Non-
Irrigated and Irrigated Environments. Int. J. Food
Sci. Nutr. Diet., 3(5): 115-121.

McNeal, E.H., Konzak, C.S., Smith, E.P., Tate, W.S,,
Russell, T.S., 1971. A uniform system for recording
and processing cereal research data. U.S. Dept.
Agric., Agric. Res. Serv., ARS 34-121.

Mergoum, M., Singh, P.K., Pefia, R.J., Lozano-Del
Rio, AJ., Cooper, K.V., Salmon, D.F., Gomez-
Mac Pherson, H., 2009. Triticale: a “new” crop
with old challenges. In: Carena, M.J. (eds.),


https://bsppjournals.onlinelibrary.wiley.com/authored-by/Hovmøller/M.+S.
https://bsppjournals.onlinelibrary.wiley.com/authored-by/Walter/S.
https://bsppjournals.onlinelibrary.wiley.com/authored-by/Bayles/R.+A.
https://bsppjournals.onlinelibrary.wiley.com/authored-by/Leconte/M.
https://bsppjournals.onlinelibrary.wiley.com/authored-by/Rodriguez‐Algaba/J.
https://bsppjournals.onlinelibrary.wiley.com/authored-by/Hansen/J.+G.
https://bsppjournals.onlinelibrary.wiley.com/authored-by/Lassen/P.
https://bsppjournals.onlinelibrary.wiley.com/authored-by/Justesen/A.+F.
https://bsppjournals.onlinelibrary.wiley.com/authored-by/Ali/S.
https://bsppjournals.onlinelibrary.wiley.com/authored-by/Vallavieille‐Pope/C.
https://fiver.ifvcns.rs/discover?scope=%2F&query=%22Jevti%C4%87,%20Radivoje%22&submit=
https://fiver.ifvcns.rs/discover?scope=%2F&query=%22%C5%BDupunski,%20Vesna%22&submit=
https://fiver.ifvcns.rs/discover?scope=%2F&query=%22Mirosavljevi%C4%87,%20Milan%22&submit=
https://fiver.ifvcns.rs/discover?scope=%2F&query=%22Miki%C4%87,%20Sanja%22&submit=
https://fiver.ifvcns.rs/discover?scope=%2F&query=%22Herrmann,%20Matthias%22&submit=

427

Maria Voicaet al.: Cultivar and Environment on the Impact of Yellow Rust (Puccinia striiformis) in Triticale

Handbook of Plant Breeding: Cereals. Springer,
New York, USA: 267-290.

Mikhailova, L., Merezhko, A.F., Funtikova, E.Y.,
2009. Triticale diversity in leaf rust resistance.
Russian Agricultural Sciences, 35: 320-323.

Salmanovicz, B.P., Langner, M., Wisniewska, H.,
Apolinarska, B., Kwiatek, M., Btaszczyk, L., 2013.
Molecular, Physicochemical and Rheological
Characteristics of Introgressive Triticale/Triticum
monococcum ssp. Monococcum Lines with Wheat
1D/1A Chromosome Substitution. International
Journal of Molecular Sciences, 14: 15595-15614.

Saulescu, N.N., Ittu, G., Ciuca, M., Ittu, M., Serban,
G., Mustatea, P., 2011. Transferring Useful Rye
Genes to Wheat, Using Triticale as a Bridge. Proc.
8" Int. Wheat Conf. and BGRI 2010, Technical
Workshop, 2010, St. Petersburg, Russia, Czech J.
Genet. Plant Breed., 47(Special Issue): S56-S62.

Schevchenko, V.E., and Karpachev, V.V., 1985.
Genetic resistance to fungus diseases in all
triticale varieties. Genetics and Breeding of
Triticale. Eucarpia Meeting, Clermont, Ferrand,
2-5July 1984: 565-571.

Schinkel, B., 2002. Triticale - still a healthy crop? In:
Arseniuk, E., Osin’ski, R. (eds.), Proceedings of
the 5" International Triticale Symposium,
Radzikéw, Poland: 157-162.

Singh, R.P., and Saari, E.E., 1991. Biotic stresses in
triticale. Proceedings of the 2" International
Triticale Symposium, Mexico D.F., CIMMYT:
171-181.

Sodekiewicz, W., and Strzembicka, A., 2004.
Application of Triticum monococcum for the
improvement of triticale resistance to leaf rust
(Puccinia triticina). Plant Breeding, 123 ; 39-42.

Vaillancourt, A., Nkongolo, K.K., Michael, P., Mehes,
M., 2007. Identification, characterisation, and
chromosome locations of rye and wheat specific
ISSR and SCAR markers useful for breeding
purposes. Euphytica, 159: 297-306.

Voica, M., Delcea, A., Tunaru, M., Baltatu, I., Surdu,
M., Alexandru, R., Lobontiu, I., 2023. Atentie la
bolile foliare ale cerealelor semanate Tn toamna
anului 2022. InfoAMSEM, 6.

Wiese, Y.M., 1987. Compendium of wheat diseases.
APS Press, Second edition.

Wilson, J., and Shaner, G., 1989. Inheritance of leaf
rust resistance of four triticale 525 cultivars.
Phytopathology, 79: 731-736.

Zamorski, C., Schollenberger, M., Sieklucka, M.,
1994. The role of winter triticale crop in
overwintering of Puccinia recondita f.sp. tritici
and P. striiformis. Zeszyty Naukowe A. Rol. w
Szczecinie.

Zupunski, V., Jevti¢, R., Brbakli¢, L., Mirosavljevic,
M., Miki¢, S., 2023. First report of yellow rust on
barley and triticale in Serbia. Biljni Lekar, 51(4):
576-584.

Zwer, P.K., Park, F.R., Mc Intosh, A.R., 1992. Winter
stem rust in Australia 1969-1985. Austral. J. Agic.
Res., 43: 399-43I.



